The intent of the study was to investigate the effect of dietary inclusion of sodium bicarbonate (NaHCO3) on blood profile of caged layers during summer. One hundred sixty commercial layers were divided into 20 experimental units/replicates (8 layers/replicate), which were further allotted to five treatment groups (4 replicate/treatment). Five iso-nitrogenous (CP 17%) and iso-caloric (ME 2700 Kcal/Kg) diets (A, B, C, D and E) were prepared with or without addition of NaHCO3. Diet A, was without NaHCO3 and served as control whereas, diets B, C, D and E contained 0.5, 1.0, 1.5 and 2.0% NaHCO3, respectively. These diets were fed to the experimental birds from 26 th -37 th weeks of age (12 weeks). At the end of the experiment, blood samples of two birds from each replicate were collected for the analysis of blood profile. Results of the study revealed that serum glucose, white blood cells count, serum urea, plasma chlorides, serum cortisol and serum glutamic-oxaloacetic transaminase concentrations were found to be significantly (P<0.05) higher in control group, whereas, blood hemoglobin concentration, red blood cells count, plasma sodium, potassium, bicarbonate, serum total protein and serum albumen concentrations were significantly (P<0.05) higher in the birds fed diet containing 1% NaHCO3. Whilst, Serum uric acid concentration was significantly (P<0.05) higher in those fed 2% NaHCO3.However, packed cell volume, erythrocyte sedimentation rate, serum creatinine, alkaline phosphatase, plasma calcium,plasma phosphorus, serum globulin and serum glutamic pyruvate transaminase concentrations were not affected due to the dietary treatments. Serum cholesterol, triglycerides and low density lipoprotein concentration were significantly (P<0.05) decreased, whereas, serum high density lipoprotein concentration was found to be significantly (P<0.05) increased by dietary inclusion of NaHCO3. Birds fed diet containing 1% NaHCO3 showed significantly (P<0.05) higher concentration of estrogen, progesterone, T3 and T4 hormones. It was concluded that being economical and easy to handle, dietary inclusion of NaHCO3 may be a better choice to reduce or at least ameliorate the harmful effects of heat stress on blood chemistry in caged layers reared in summer conditions.
INTRODUCTION
Birds are able to maintain their body temperature within narrow limits (Khattak et al., 2012 ). An increase in body temperature due to higher ambient temperature or excessive metabolic activities may cause irreversible thermoregulatory changes that could be harmful for the existence of birds (North and Bell, 1990 ) and may cause a change in physiological parameters such as rectal temperature, diseases, metabolic disorders and losses (Ahmad et al., 2006; Anjum, 2000) . As environmental temperature goes up, respiratory rate of birds rises causing higher losses of CO2 that causes increase in blood pH and disturbs acid-base balance (Toyomizu et al., 2005) . Any change in acid base balance may cause alkalosis or acidosis, diverting the metabolic machinery used for homeostatic regulation rather than used for production (Carlson, 1997) . Alteration in levels of CO2 can cause disruption in blood pH. Growth performance of broilers was found to be the highest when blood pH was 7.28, whereas a decrease in growth was exhibited when pH values were greater than 7.30 or lower than 7.20 (Nelson and Cox, 2000) . Detrimental effect of heat stress on plasma electrolytes concentration has also been found to be similar in different species of birds such as in broilers (Mushtaq et al., 2005) , layers (Ghorbani and Fayazi, 2009 ) and quails (Keskin and Durgan, 1997) . Heat stress is also known to disrupt status of reproductive hormones of laying birds, secreted by the hypothalamus and ovary (Elnagar et al., 2010) . Packed cell volume value of birds has shown an inverse relationship with high ambient temperature (Parker and Boone, 1971) . Hypothermia (8°C) caused an increase in the hematocrits, whilst hyperthermia (30°C) caused a decrease in hematocrit value. High environmental temperature has also shown to cause a decrease in serum protein contents in birds (Anjum, 2000) . Heat stress has been observed to exert detrimental effects on various hemato-chemical parameters of birds (Borges et al., 2004; Ekanayake et al., 2004) . However, various techniques are being used in birds such as addition/supplementation of various products in poultry rations to ameliorate the effects of heat stress. Supplementation of sodium bicarbonate (NaHCO3) in water or feed is one of these practices, which can be used as an effort to combat heat stress in poultry birds (Ahmad, 1997; Mushtaq et al., 2005) . NaHCO3 provides sodium and positively affects blood pH supplying bicarbonate ions (Ahmad et al., 2006) . Supplementation of sodium bicarbonate may help to maintain proper pH balance, eliminate acidosis and facilitate metabolic process, ensuring maximum growth and productivity Naseem et al., 2005) . Moreover, its use as dietary supplement may help rise in blood bicarbonate ion concentration, which can favor better performance of birds (Kaya et al., 2004; Naseem et al., 2005) . Information regarding potential beneficial effects of this substance on blood profile of layers during heat stress/summer is scanty, especially in the areas of Asiatic region.Based upon scientific information available, it can be envisaged that high environmental temperature can negatively influence blood profile in poultry birds. However, dietary addition of sodium bicarbonate during hot weather may improve bird's various blood parameters. Therefore, a project was initiated to check the response of dietary inclusion of sodium bicarbonate on blood profile in layers kept under hot weather conditions.
MATERIALS AND METHODS
One hundred sixty commercial layers of 24 weeks old were purchased from a commercial poultry farm. These birds were maintained in individual cages in a Poultry House of the Department of Parasitology, Faculty of Veterinary Sciences, University of Agriculture, Faisalabad (Pakistan). These layers were divided in to 20 replicates (8 layers/ replicate). These replicates were further randomly allotted to five treatment groups (4 replicate/ treatment). Five diets i.e. A, B, C, D and E were formulated with or without addition of sodium bicarbonate. Diet A, was without sodium bicarbonate and served as control whereas, diets B, C, D, and E contained 0.5, 1.0, 1.5 and 2.0% sodium bicarbonate, respectively. All the diets were iso-nitrogenous (CP 17%) and iso-caloric (ME 2700 Kcal/kg) and were formulated according to the requirements prescribed by NRC (1994). These diets were fed to the experimental birds, from 26 th -37 th weeks of age (12 weeks). All the birds were maintained under similar management conditions like floor space, light, temperature, ventilation and relative humidity. At the end of last week of the experimental period, blood samples from brachial vein (5 ml each) of two birds from each replicate were collected in separate screw top tubes for obtaining plasma and serum for the analysis of blood profile. Blood parameters like pH, HCO3
-concentration (HCO3 -, mmol/l), were determined by the Rapid Lab 248 pH/Blood Gas Analyzer (Kaya et al., 2004) . Plasma Na + and K + concentration were detected by using clinical flame photometer, whereas plasma calcium and potassium concentration were determined by atomic absorption spectrophotometer as described by AOAC (2010) using available commercial kit. White blood cells (WBCs) count (X 10 6 /µl) and red blood cells (RBCs) count (X 10 3 /µl) was determined by haemocytometer method (Despotis et al., 1996) . For erythrocytes sedimentation rate (ESR) determination, Westergren tube method (mm/hour) was used. Hemoglobin concentration (Hb) was determined using Drabkin's solution by Sahli's instrument and packed cells volume (PCV) was determined using microhaemocrite tubes by the method described by Coles (1991) . To quantify serum glucose, cholesterol, triglycerides and high density lipoprotein (HDL) level, Enzymatic Chod-Pap method as described by Anjum (2000) was used, whereas low density lipoproteins (LDL) was detected by the formula, i.e. (Tg/5 + HDL) -cholesterol. Total protein was assayed by biuret method and for the determination of albumin Bromocresol Green Redox Kit method was adopted whilst, serum globulin was determined by deducting albumin from total protein. Urea and uric acid in the serum was estimated by Enzymatic Kinetic method described in the Redox Kit following the UV method as used by Anjum (2000) . Serum glutamic-pyruvate transaminase, serum glutamic-oxaloacetic transaminase, serum progesterone and serum estrogen were determined by the procedure followed by Anjum (2000) . Whereas, blood serum cortisol was determined by the procedure described by Oelkers et al. (1992) . The data thus collected were subjected to statistical analysis for interpretation of results using completely randomized design (CRD) and differences in the treatment means were compared by the Least Significance Differences test (Steel et al., 1997) .
RESULTS
Finding of the present study revealed that glucose level, hemoglobin concentration and WBCs count in birds was significantly affected due to dietary inclusion of sodium bicarbonate in the layer diets (Table 1) . Serum glucose and WBCs count was found to be lower in birds of group C as compared to those of control group. Birds of group C, which were fed diet containing 1% sodium bicarbonate, showed significantly higher (P<0.05) concentration of hemoglobin in their blood. However, red blood cells count, PCV and ESR values remained unaffected (P<0.05) due to the dietary treatments. Mean values pertaining to serum urea, uric acid, creatinine and alkaline phosphatase concentration have been presented in Table 2 . Serum creatinine concentration was found to be significantly (P<0.05) higher in the layers of control group whilst, serum uric acid concentration was found to be the significantly (P<0.05) higher in birds of group E (2% NaHCO3). However, concentrations of serum creatinine and alkaline phosphatase were not affected due to the treatments.
Effect on serum total protein, albumen and globulin concentrations due to dietary inclusion of sodium bicarbonate are presented in Table 3 . Inclusion of sodium bicarbonate exhibited a significant (P<0.05) increase in serum total protein and albumen concentration values of the experimental birds. Birds fed diets containing 1% sodium bicarbonate exhibited significantly (P<0.05) higher concentration of these proteins as compared to those of other groups. However, serum globulin contents of the birds remained unaffected (P>0.05) due to the dietary inclusion of sodium bicarbonate. Mean values regarding plasma sodium,potassium,chloride, calcium, phosphorus, HCO3 and serum pH are shown in Table 4 . Plasma sodium level showed a significant (P<0.05) linear increase with increase in the level of dietary inclusion of sodium bicarbonate. Birds of group D (1.5% NaHCO3) showed higher level of plasma sodium concentration. Serum potassium and bicarbonates also increased due to the dietary treatments. Birds of group B (0.5% NaHCO3) exhibited higher plasma potassium concentration and birds of group E, which were fed diets containing 2% NaHCO3 showed higher concentration of plasma bicarbonate. On the other hand birds fed diets containing sodium bicarbonate exhibited significantly (P<0.05) decreased levels of serum chlorides and serum pH values. Birds fed diet containing 1.5% NaHCO3 (group D) depicted lower level of plasma pH. Plasma chloride concentration was linearly decreased with increasing the level of sodium bicarbonate in the diets of layers. However, plasma calcium and phosphorus levels remained unaffected (P>0.05) because of the sodium bicarbonate treatments. Concentrations of serum cholesterol, serum triglyceride, serum high density lipoprotein (HDL) and serum low density lipoprotein (LDL) are presented in Table 5 . Values of serum cholesterol, triglycerides and LDL were significantly (P<0.05) decreased by the dietary inclusion of sodium bicarbonate when compared to control group. The birds fed diets containing 1% NaHCO3 exhibited lower concentration of these lipids as compared to those of other treated groups. Whereas, concentration of HDL was found to be increased (P<0.05) by dietary treatment and the birds fed Table 6 . Birds fed diets containing sodium bicarbonate exhibited increased concentration of T3, T4, estrogen and progesterone as compared to those of control group. The birds of group C (1% NaHCO3) showed significantly (P<0.05) higher concentrations of estrogen, progesterone, T3 and T4 hormones. However, Serum glutamic pyruvate transaminase (SGPT) concentration was not affected (P>0.05) due to the dietary treatments. Serum glutamic-oxaloacetic transaminase (SGOT) and serum cortisol concentrations were significantly higher in birds of control group, which were fed diet without addition of sodium bicarbonate.
DISCUSSION
Dietary inclusion of sodium bicarbonate significantly (P<0.05) decreased serum glucose and WBCs count in the birds. As the ambient temperature was very high during the experimental period, therefore, the birds experienced a continuous heat stress. In response to combat this heat stress the birds in control group might have secreted higher level of hormones like glucocorticoid, adrenaline and noradrenaline (Yang et al ., 1992) , which might have caused gluconeogenesis, ultimately leading to rise in blood glucose concentration. Decrease in blood glucose level and WBC count of the birds of treated groups may probably be due to decrease in heat stress upon the birds as has been depicted in the results of the present study, where these birds have exhibited significantly lower rectal temperature as compared to those of control group. Khattak et al. (2012) have also reported a similar increase in WBCs count in the birds exposed to high ambient temperature as compared to those fed sodium bicarbonate containing diet at the same temperature. The results of this study regarding serum glucose concentration are in line with the findings of Al-Hassani et al. (2001) and Ahmad et al. (2005) who observed a significant decrease in blood glucose level in birds fed diet containing sodium bicarbonate than those of exposed to heat stress (controls). However, , Yang et al . (1992) observed higher blood sugar contents at 23 and 28°C (223.6 and 221.7 mg/100ml) in broilers exposed to 12, 18, 23, 28 and 32°C temperature. The packed cell volume (PCV), erythrocyte sedimentation rate (ESR) and red blood cells (RBCs) count of all the experimental birds remained unaffected due to the inclusion of sodium bicarbonate in their diets. Conflicting results have so for been reported regarding the effect of dietary inclusion of sodium bicarbonate on packed cell volume of poultry birds. A significant decrease in packed cell volume has been observed by Oladele et al. (2001) in birds exposed to high environmental temperature. They attributed this increase to heat and nutritional stress, which impaired the synthesis of blood cells in the birds. Whereas, Mubarak and Sharkawy (1999) , Al-Hassani et al. (2001) and Ahmad et al. (2005) have observed an increase in hematocrit values in birds treated with sodium bicarbonate and these findings are quite in contrast to the findings of present study. Similarly, contradictory to the findings of this study, Ekanayake et al. (2004) and, Mubarak and Sharkawy (1999) have reported increase in RBCs count in birds fed diets containing sodium bicarbonate. Birds using diets containing sodium bicarbonate exhibited significantly higher hemoglobin concentration in their blood as compared to those of control group. Decline in hemoglobin concentration at higher environmental temperature in the birds of control group also coincides with the findings of Sahota and Gilani (1995) , Yahav et al. (1997) and Vecerek et al. (2002) . Addition of anti-stressors such as sodium bicarbonate,in drinking water of Leghorn and Matrouh hens markedly increased their hemoglobin concentration (%), even under heat stress conditions (Genedi, 2000) . Therefore, increased hemoglobin concentration in NaHCO3 treated groups may probably be due to the increased nutrient uptake and reduction in body temperature, which might have led to better physiological performance of the birds. Findings of the present study are in line with those reported by Ahmad et al. (2005) who observed increase in hemoglobin concentration in birds due to inclusion of sodium bicarbonate in their diet. Dietary inclusion of different levels of sodium bicarbonate depicted a significant increase in plasma sodium, potassium and bicarbonate concentration of layers when compared to those fed diet without addition of sodium bicarbonate. These results are compatible to those observed byAhmad et al. (2006) as they reported an increase in plasma Na + and K + concentration in birds due to the supplementation of sodium bicarbonate in their diets. Similarly, Mushtaq et al. (2005) have also found an increase in concentration of these ions because of dietary addition of different levels of sodium. In consonant to the findings of present study, Keskin and Durgan (1997) and Squirea and Julian (2001) also found a significant increase in plasma bicarbonate level due to the inclusion of NaHCO3 in the diet of birds exposed to heat stress. Serum pH was significantly reduced, nearer to the normal physiological value, by the dietary addition of sodium bicarbonate in heat stressed birds. These results are compatible to the findings of Ahmad et al. (2005) who reported that blood pH was decreased due to the supplementation of various sodium sources (sodium carbonate, sodium bicarbonate or sodium sulfate) in the diets of poultry birds. Similarly Mushtaq et al. (2005) reported that blood pH was significantly decreased because of increasing dietary addition of sodium level (0.20% vs 0.25%). Khattaket al. (2012) have also observed a decrease in blood pH (8.04) in broilers kept at 38-40°C as compared to those fed sodium bicarbonate containing diet (8.34 pH), at the same temperature. In the present study, decrease in plasma chloride concentration in the birds fed different levels of sodium bicarbonate may be attributed to increased level of sodium in their blood. These findings are compatible to those observed by Ahmad et al. (2006) who reported that blood Cl − concentration was decreased by the supplementation of various sodium sources (sodium carbonate, sodium bicarbonate or sodium sulfate) in the diets of poultry birds. Birds using diets containing sodium bicarbonate exhibited significantly lower serum lipid concentration profile i.e. low density lipoproteins(LDL), cholesterol and triglycerides level in their serum, when compared to those of control group. A probable explanation of decrease in the concentrations of these parameters may be that NaHCO3 might have stimulated the synthesis of bile acids from cholesterol, leading to decreased concentration of serum cholesterol in these birds (Naviglio et al., 2011) . Fasting in heat stressed birds might have increased the blood cholesterol level by mobilizing fat through gluconeogenesis which ultimately resulted in increased blood cholesterol level (Hevia and Vinsek, 1979) . High serum cholesterol concentration in birds kept at high temperature has also been reported by Takahashi et al . ( 1991) and Sahota et al . (1993) . Therefore, another possible reason for reduction in serum lipids may be the inhibition of enzyme "squalene epoxidase" due to the treatment, which is essential for synthesis of cholesterol (Angelovicova, 1997) . Hypothalamus and pituitary receive stimulus of heat stress and in turn causes a decline in the secretions of Triiodothyronine and Thyroxin (Anjum, 2000) , whereas the higher concentration of these hormones results in improved performance of birds. As dietary inclusion of sodium bicarbonate in the results of present study has shown to reduce heat stress. Hence, dietary addition of bicarbonate might have caused an increase in concentration of these hormones in the blood of treated birds resulting in reduction of heat stress. These results are also compatible to the findings of Remus (2001) . Response of birds due to dietary inclusion of sodium bicarbonate with respect to growth hormones has not been studied much. However, contrary to the results of present study, Hassan et al. (2011) have observed a significant (P<0.05) decrease in plasma T3 and T4 hormones concentration in laying birds supplementing diet with sodium bicarbonate. Similar findings have been reported by Attlla et al. (2002) who found that supplementing of NaHCO3 and KCl in drinking water, decreased concentration of T3 hormone in hens exposed to high environmental temperature (34°C) for 4 continuous hours daily followed by a normal temperature (22 to 24°C) throughout three months experimental period. Genedi (2000) found that adding NaHCO3 to drinking water for heat stressed hens of Matrouh strain, reduced plasma triiodothyronine hormone (T3); however, its effect was found to be non-significant in Leghorn hens. Findings of Badran (2003) have also shown that the level of plasma T3 hormone in laying hens remained unaffected due to the addition of different levels of sodium bicarbonate (2, 3 and 4%). Heat stress caused an increase in the concentration of serum corticosterone hormone in birds, however, dietary inclusion of sodium bicarbonate helped in reducing the level of this hormone. Reduction in serum corticosterone concentration in the layers fed NaHCO3 treated diets also corresponds to decrease in their rectal temperature, as has been depicted in the results of this study. The highest level of corticosterone hormone was observed in the birds of control group, which were fed diet without addition of sodium bicarbonate. An increase in corticosterone level of birds, with increase in environmental temperature has also been reported by Sahin et al. (2002) and Tuekam et al. (1996) . The birds fed diets containing sodium bicarbonate exhibited higher serum estrogen and progesterone concentration when compared to those of control group. When ambient temperature goes beyond thermo-neutral zone, chemical reactions speed up in the body, heat is generated and body temperature of birds rises (North and Bell, 1990 ) which probably may have depressed ovarian functions, posing hindrance against the release and normal synthesis of these hormones. It has also been observed that under such conditions sodium bicarbonate can be used as a buffering agent to ameliorate the effect of heat stress (Whiting et al., 1991) . These findings are compatible with those observed by Anjum (2000) who reported a significant decrease in progesterone concentration in layers exposed to heat stress. The layers of control group depicted significantly higher concentration of serum glutamic-oxaloacetic transaminase (SGOT). Heat stress has shown to increase plasma cortisol concentration (Sahin, et al., 2002) in birds. Increase in cortisol concentration may cause an increase in catabolic effect in liver, which exerts maximum stress on it, leading to an increase in the concentration of SGOT in blood serum of the birds exposed to heat stress (Anjum, 2000) . However, birds fed diets containing sodium bicarbonate exhibited a significant reduction in SGOT concentration. A possible explanation of this fact may probably be the reduction in body temperature of birds fed diets containing sodium bicarbonate, which might have reduced stress on their liver and hence led to a decrease in SGOT concentration in these birds. These findings are compatible to those observed by Ahmad et al. (2005) who reported that dietary inclusion of sodium bicarbonate can decrease body temperature of heat stressed birds. In contrast to the results of present study, Ozbey et al. (2004) observed that blood SGOT concentration was not affected due to heat stress in quails. Difference in results of these studies, however, may probably be due to difference in ambient temperature maintained or difference in species of the birds (layers vs quails), used in these studies. However, concentration of Serum Glutamic Pyruvic Transaminase (SGPT) remained unaffected in the birds due to the addition of sodium bicarbonate in their diets.
Conclusions:Based upon the results of the present study it can be concluded that dietary inclusion of sodium bicarbonate had beneficial effects on most of the blood parameters studied, such as blood hematology, plasma electrolytes, serum proteins, serum metabolites, serum hormones and liver enzymes of caged White Leghorn layers reared under hot climatic conditions. All these blood parameters are helpful in efficient production of poultry birds. Therefore, dietary inclusion of NaHCO3 may be a quite useful technique to reduce or at least ameliorate the harmful effects of heat stress in caged layers reared in summer conditions.
